Streptococcal pyrogenic exotoxin (Spe) B, a streptococcal cysteine protease, is believed to be important in group A streptococcal (GAS) pathogenesis. The present study examined the effect of SpeB on the activity of superantigenic exotoxins secreted by M1T1 GAS isolates. The proliferative response of human lymphocytes to culture supernatant (SUP) from an SpeB + isolate increased significantly ( ) when the isolate was grown P ! .05 with N-[N-(L-3-trans-carboxyoxirane-2-carbonyl)-L-leucyl]-agmatine, a cysteine protease inhibitor. The lymphocyte-stimulating activity of SUP from a spontaneous SpeB Ϫ variant or SpeB Ϫ knockout (DSpeB) mutant was also significantly higher than that of SUP from the SpeB + parent isolate (
GAS infections. These responses can be exacerbated by SpeB (the streptococcal cysteine protease), lipoteichoic acid, streptolysin-O, and other virulence components that, together, contribute to tissue damage, hypotension, and organ failure [2, 5, 6] . Recent studies have shown that invasive streptococcal infections with varying degrees of clinical severity can be caused by genetically related M1T1 isolates [7] . However, the expression of Spe genes was notably variable among these genetically related isolates [7] . Although there was no correlation between the expression of SpeA and severity of disease, there was a significant inverse relation between expression of SpeB and severity of the invasive infection [8] . Our attempts to manipulate the Spe phenotype of these isolates in vitro by varying environmental and culture conditions failed [9] . By contrast, in vivo passage of SpeA Ϫ SpeB ϩ isolates induced expression of SpeA and repressed that of SpeB [9] , a finding that suggested that expression of Spe might be altered by host-pathogen interactions in vivo.
SpeB is the major proteolytic enzyme produced by GAS and plays a very complex role in pathogenesis. This protease exerts multiple effects on both the host and the bacteria itself. SpeB has been shown to degrade matrix proteins, generate active interleukin (IL)-1b and kinin from their precursors, and activate human matrix metalloproteases that induce tumor necrosis factor-a production [10] [11] [12] [13] [14] . These effects are believed to promote bacterial invasiveness by destroying tissue and promoting inflammatory responses. In addition, SpeB abrogates the fibronectin-dependent internalization of GAS into cultured mammalian cells by remodeling the bacterial surface. This decreases bacterial adherence and internalization and may increase dissemination [15] . Although the proteolytic remodeling of GAS surface proteins is advantageous to the bacteria, several studies have proposed that overexpression of SpeB would result in nonspecific degradation of key protective virulence proteins and the loss of important bacterial defenses [5, 16, 17] . For example, M and M-like proteins confer resistance to phagocytosis by inhibiting complement deposition, but the degradation of M protein by SpeB renders the bacterium more susceptible to phagocytosis, even in the presence of type-specific antibodies against this protein. SpeB has also been shown to solubilize a 116-kDa fragment of bacterial cell surface-bound C5a peptidase that is capable of inhibiting phagocytic cells from reaching the site of infection by degrading C5a peptidase, one of the most potent chemotactic factors, and thus interferes with recruitment of neutrophils at the site of infection [5, 16] . Thus, the expression and proteolytic effects of SpeB may have to be differentially regulated by the bacteria, depending on the site and context of the infection, as well as on a temporal sequence of events in the host immune response [18] .
Although several studies have suggested that a lack of SpeB expression is associated with reduced virulence in animal models [19] [20] [21] , recent studies have suggested that these effects might be attributed to an unintentional selection of GAS with decreased capsule expression during the electroporation of recombinant DNA for the creation of targeted SpeB Ϫ mutants. A reduction in capsule synthesis would render the bacteria more susceptible to phagocytosis [22] . These studies, however, do not rule out the importance of SpeB in GAS pathogenesis. The role of this protease may vary depending on when, where, and how much SpeB protein is produced. The recent observation that SpeB Ϫ isolates may have a survival advantage in vivo [17] , together with our finding of an inverse relation between disease severity and expression of SpeB [8] , prompted us to hypothesize that, under certain conditions, increased expression of SpeB may actually attenuate certain virulence phenotypes of the bacteria. This hypothesis is supported by the finding that the bacterial surface protein G-related a2-macroglobulin-binding protein protects the bacterial surface proteins against the proteolytic actions of SpeB and other host proteinases by binding to plasma a2-macroglobulin, a potent protease inhibitor [18] . In the present study, we examined the effect of expression of SpeB on the superantigenic activity of GAS exotoxins, which are major virulence factors produced by the bacteria. We provide evidence for the selective proteolytic degradation of superantigenic activity by native, as well as recombinant, SpeB.
MATERIALS AND METHODS

Characterization of GAS isolates.
Clinical M1T1 isolates were identified as described elsewhere [8] . Seven of these isolates (5448, 5449, 5459, 5628, 5836, 8004, and 8143) were included in the present study. These isolates were genetically related, as determined by a panel of molecular tests [7] . The spe genotype was performed by polymerase chain reaction (PCR), as described elsewhere [7] . All isolates had speA, speB, speG, smez, and speF genes. Isolates 5448, 5449, and 5836 were selected because they produced high levels of the active form of SpeB, whereas isolates 5459, 5628, and 8004 produced neither the zymogen nor the active form of SpeB. Isolate 8143 was chosen because it produced both the zymogen and the active forms of SpeB, although the zymogen was the predominant form produced. Expression of SpeA, SpeB, and SpeF was detected by Western blots, as described elsewhere [8] . More-detailed studies were conducted with isolate 5448 SpeB ϩ wild type (wt) and its spontaneous in vivo-derived variant (5448 SpeB Ϫ vrt). The 5448 SpeB Ϫ vrt was obtained by in vivo passage of 5448 SpeB ϩ wt in mice, as described elsewhere [9] .
Creation of speB in-frame allelic exchange knockout in M1 GAS strain 5448. PCR was used to amplify an 1800-bp GAS chromosomal DNA fragment that contained speB along with upstream and downstream sequence. The specific primers used were 5 -GTCAAGCACAACCTATTGTT-3 (speB forward) and 5 -GTAAGCTTCTATCATACTCC-3 (speB reverse). The PCR product was T-A cloned in pCR2.1 (Invitrogen) to create pSpeB-TV. This vector served as a template for an inverse PCR using a reverse primer immediately upstream of the start codon and a forward primer immediately after the stop codon of speB; these primers were designed with 25-bp 5 extensions corresponding to the start and end of the chloramphenicol acetalytransferase gene (cat), respectively. The resultant linearized PCR product, containing an in-frame deletion of speB, was used to transform Escherichia coli Top10 together with an ∼650-bp PCR amplicon of the complete cat gene from pACYC184. In vivo recombination events were identified by screening for Top10 exhibiting ampicillin resistance and chloramphenicol resistance and verified by PCR and restriction analysis to contain an in-frame substitution of speB with cat. The mutated speBDcat gene and flanking DNA was subcloned as a BamHI/XbaI fragment to the temperaturesensitive erythromycin resistance vector pHY304 to produce knockout vector pSpeBDcat-KO. GAS strain 5448 (serotype M1) was rendered competent for electrophoretic transformation by growth in Todd Hewitt broth (THB; Difco) plus 0.3% glycine [23] and transformed with pSpeBDcat-KO, and single recom-bination events were identified at 37ЊC under erythromycin selection. Selection was relaxed by serial passage at 30ЊC without antibiotics, and double crossover events were identified as GAS 5448 mutants exhibiting chloramphenicol resistance but erythromycin susceptibility. Precise in-frame allelic exchange of speB in the GAS chromosome was verified by PCR using cat primers with upstream and downstream primers and the absence of amplification of the wt gene(s). The confirmed mutant was designated 5448 DSpeB.
Expression and purification of recombinant SpeB (r-SpeB). The structural gene of SpeB was amplified by PCR from genomic DNA of GAS and then cloned into the pET-21a vector. The recombinant plasmid was transformed into the E. coli BL21(DE3)pLyS strain, and the system was inducibly expressed under control of a strong T7 promoter. Recombinant SpeB was produced by growing cells at 37ЊC in Luria Bertani medium for 24 h and purified by Ni 2ϩ -chelating chromatography (Pharmacia Biotech). The protein was then concentrated by amicon ultrafiltration using a 10-kDa cutoff membrane and exchanged with PBS buffer. The enzymatically active form of SpeB was achieved by incubating the 40-kDa SpeB precursor for 10 min at 37ЊC in the presence of 5 mM dithiothreitol and EDTA.
Preparation of bacterial culture supernatant (SUP). Three representative M1T1 SpeB ϩ isolates producing у200 mg/ mL SpeB (5448, 5449, and 5836) and 4 genetically related M1T1 SpeB Ϫ isolates producing very small or undetectable amounts of SpeB (5459, 5628, 8004, and 8143) were included in the study. Bacterial isolates were streaked on blood agar plates, and the isolated colonies were cultured overnight in 12.5 mL of THB, which was supplemented with 1.5% yeast extract (Difco). The bacteria were grown under microaerophilic conditions without shaking at 37ЊC. The overnight culture SUPs were filter sterilized, aliquoted, and stored at Ϫ20ЊC. For some experiments, SUP was concentrated 10 times using ethanol, dialyzed extensively, and stored at Ϫ20ЊC. In other experiments, to study the effect of proteolytic activity of SpeB on other superantigens, GAS isolates were also grown in the presence of a specific inhibitor of cysteine protease, N-[N-(l-3-trans-carboxyoxirane-2-carbonyl)-l-leucyl]-agmatine (E-64), at a final concentration of 28 mM. The SUPs were processed the same way, and expression of various Spes was tested and their superantigenic activity evaluated as detailed below.
Detection of Spe proteins. Expression of SpeA, SpeB, and SpeF was detected by Western blot, as described elsewhere [8] . The specificity of mouse monoclonal antibody (MAb) to SpeB was checked by probing all Western blots used for SpeB detection with a paired isotype-matched antibody of irrelevant specificity (mouse anti-His-Abs of isotype G1, same as the mouse MAb to SpeB). The proteolytic activity of SpeB was detected using the EnzChek protease assay kit (Molecular Probes), as described elsewhere [8] . In brief, the SUPs were diluted 1:1 in Tris buffer (pH 7.4), and 100 mL was added to the microplate wells in duplicate. To control for specificity, parallel wells containing 28 mM E-64, a cysteine proteasespecific inhibitor, were included in the assay. The fluorescent substrate was added to the test and control wells, and the plates were incubated according to the manufacturer's instructions at room temperature for 24 h in the dark, and then the excitation/ emission was read at wavelengths of 590/640. The protease activity was determined by subtracting the amount of fluorescence obtained in the presence of E-64 from the total fluorescence obtained without the inhibitor.
Superantigenic activity of culture SUPs. The proliferation-inducing activity of GAS SUPs was determined using peripheral blood mononuclear cells (PBMC) from healthy individuals as detailed elsewhere [24] . In brief, the PBMC were isolated from the blood of healthy individuals by ficoll-hypaque gradient centrifugation. PBMC (10 5 cells/200 mL) were stimulated with serial 2-fold dilutions of either SUP or the polyclonal mitogen phytohemagglutinin A (PHA) at a concentration of 1 mg/mL. After 72 h of culture, the cells were pulsed for 6 h with 1 mCi of [ 3 H]thymidine, harvested onto glass-fiber filters, and counted in a b-scintillation counter (Packard). Each experiment was performed in triplicate and repeated at least 3 times. THB (with or without E-64) was always included as a negative control.
Toxicity of SpeB for the cultured PBMC. The possibility that the decrease in the proliferation-inducing activity of SUP from the 5448 SpeB ϩ wt versus that from the SpeB Ϫ mutant (5448 DSpeB) was not due to a direct toxic effect of SpeB on the lymphocytes was addressed. The PBMC were cultured for 72 h with no stimulus or with SUP from either the 5448 SpeB ϩ wt or 5448 DSpeB. After 72 h, these cells were harvested, and their viability was checked by Trypan blue exclusion. The number of apoptotic cells was determined by flow cytometry using the annexin V-PE apoptosis detection kit (BD PharMingen), according to the manufacturer's instructions. Furthermore, the viability of cells cultured with SpeB ϩ and SpeB Ϫ SUP was checked in functional assays. The harvested cells were washed twice with fresh medium and then transferred to fresh wells and incubated with either medium alone or medium containing 1 mg/mL PHA or 20 ng/mL SpeA. The proliferative response of the recultured cells was assayed 72 h later, as described above.
Analysis of the T cell receptor Vb (TCRBV) repertoire by flow cytometry.
A quantitative analysis of the preferential expansion of lymphocytes with specific TCRBV was conducted by flow cytometry using the IO Test Beta Mark TCRBV Repertoire kit (Beckman Coulter). A CD3-PC5 conjugate was used as an additional marker to enable proper gating on T lymphocytes only. PBMC were isolated from the blood of a healthy Figure 1 . Effect of streptococcal pyrogenic exotoxin (Spe) B, the streptococcal cysteine protease, on the expression of SpeF and SpeA in partially purified culture supernatants of group A streptococci (GAS) isolates. Seven genetically related GAS isolates were grown with or without N-[N-(l-3trans-carboxyoxirane-2-carbonyl)-l-leucyl]-agmatine (E-64), and the expression of SpeB, SpeF, and SpeA in partially purified culture supernatants was determined by Western blots using rabbit polyclonal (anti-SpeA and anti-SpeF) or mouse monoclonal (anti-SpeB) antibodies, as described in Materials and Methods. No cross-reactivity was observed when the blots were probed with a paired isotype-matched antibody of irrevlevant specificity. In the presence of E-64, SpeB protein was accumulated in several inactive zymogen forms ranging from ∼40 to 32 kDa (top panel). Lane with supernatant from strain 8143 was added from a different experiment.
individual by ficoll-hypaque gradient centrifugation and incubated at 10 7 cells/5 mL of RPMI 1640 medium with 10% fetal calf serum and stimulated with 1:2000 diluted GAS SUP (with or without E-64) or PHA at 1 mg/mL. After 72 h, the cells were cultured for additional 24 h in the presence of 10 U/mL recombinant human IL-2, to allow for the regeneration of modulated T cell receptors. The cells were then harvested, washed extensively with PBS containing 1% bovine serum albumin, and stained with different antibodies, according to the manufacturer's instructions. The CD3-PC5 blastogenic cells were gated on, and simultaneous analysis of 3 TCRBV per tube was performed using a FACSCalibur flow cytometer (Becton Dickinson). Data were analyzed using Cell Quest software (Becton Dickinson). A minimum of 30,000 cell events was acquired for the analysis.
RESULTS
Proteolytic degradation of GAS superantigens by SpeB.
In initial experiments, we observed that SUP from GAS isolates producing high levels of the active form of SpeB had greatly decreased levels of other proteins on Coomassie blue-stained SDS-PAGE gels. With this in mind, the expression levels of SpeF and SpeA were examined from GAS isolates grown with or without E-64. In the presence of E-64, SpeB protein was accumulated in several inactive zymogen forms ranging from 40 to 32 kDa ( figure 1, top right) . SpeF protein was only detected in the SpeB Ϫ SUP and in SUP from the SpeB ϩ isolates grown with E-64 ( figure 1, middle) . SpeA expression was undetectable or р20 ng/mL in the majority of M1T1 isolates in our series. However, in the isolates that expressed both SpeA and SpeB, there was no indication of SpeA degradation, because SpeA was readily detectable in the absence or presence of E-64 ( figure 1,  lane 8143) . In addition, we sequenced the entire SpeB and SpeA genes in all the isolates we used and found no mutations. Furthermore, incubation of r-SpeF and r-SpeA with SpeB ϩ SUP or enzymatically active r-SpeB confirmed the resistance of SpeA to the proteolytic effects of SpeB (data not shown). These results suggest that SpeB degrades SpeF but not SpeA.
Effect of SpeB on the proliferation-inducing activity of GAS supernatants. We next determined whether SpeB expression affects the proliferation-inducing activity of GAS culture SUP containing a mixture of GAS superantigens. The 5448 SpeB ϩ wt and 8004 SpeB Ϫ wt isolates were grown for 4, 12, and 24 h with or without E-64. The SUPs were recovered and tested for expression of SpeB, cysteine protease activity, and lymphocyte proliferation-inducing activity. Analysis of SUPs from the 5448 SpeB ϩ wt isolate showed that the SpeB protein, as well as cysteine protease activity, were undetectable in early log phase, increased gradually by midlog phase, and reached a maximum during the stationary phase ( figure 2A and 2B) . The proliferation-inducing activity of SUP from the 5448 SpeB ϩ wt collected at different growth phases was inversely related to the amount of SpeB expressed, with the lowest activity seen in the stationary-phase SUPs. The inhibition of cysteine protease activity by E-64 restored the proliferation-inducing activity of the 24-h SUPs from the SpeB ϩ isolates. The proliferation-inducing activity of the SUPs obtained at 24 h from the SpeB ϩ isolate was significantly lower ( ) than that from the same isolate P р .05 grown with E-64 ( figure 2C ). By contrast, there was no difference in the proliferation-inducing activity of SUPs from the SpeB Ϫ isolate when tested at different growth phases or when grown with or without E-64 ( figure 2D) .
To further confirm that the decrease in proliferation-inducing activity resulted from expression of SpeB, an isogenic SpeB Ϫ mutant (5448 DSpeB) was generated from 5448 wt by an inframe allelic exchange, as described in Materials and Methods. SpeB protein was readily detected in the 24-h SUP from the 5448 SpeB ϩ wt strain but not the 5448 DSpeB mutant ( figure  3A ). Cysteine protease activity was undetectable in 5448 DSpeB SUP ( figure 3B ). The proliferative response to the stationary phase SUP from 5448 DSpeB was significantly ( ) higher P р .001 than that of 5448 SpeB ϩ wt at all the 4 dilutions tested (figure 3C). Similar results were observed when SUP from 5448 SpeB ϩ wt was compared with the in vivo derived 5448 SpeB Ϫ vrt (data not shown).
Reduction of proliferative response is not due to direct toxicity
of SpeB on lymphocytes. The possibility that the decrease in proliferation-inducing activity of SUP from the 5448 SpeB ϩ wt versus that from 5448 DSpeB was due to the toxic effects of SpeB toward the cultured PBMC was ruled out in several assays. The viability and percentage of apoptotic cells cultured with SpeB ϩ and SpeB Ϫ SUP were not significantly different (data not shown).
Of importance, when cells that had been cultured with SpeB ϩ and SpeB Ϫ SUPs were harvested, washed, and restimulated with PHA or SpeA, the extent of proliferation was quite comparable ( figure 3D) . These results support the conclusion that the decrease in the proliferation-inducing activity of SUPs from the 5448 SpeB ϩ wt versus that from 5448 DSpeB is not due to the toxic effects of SpeB on the PBMC.
Effect of r-SpeB on the proliferation-inducing activity of SUP from 5448
DSpeB. The enzyme activity of r-SpeB was confirmed by the protease assay, as explained in Materials and Methods, and was found to be 700 fluorescence units/mg of protein.
The proliferation-inducing activity of the SUP from 5448 DSpeB incubated with 200 mg/mL enzymatically active r-SpeB for over- night was significantly ( ) lower than the SUP from 5448 P ! .001 DSpeB. Furthermore, the proliferation-inducing activity of the SUP from 5448 DSpeB incubated with r-SpeB was quite comparable to the SUP from 5448 SpeB ϩ wt ( figure 4) . Similarly, when the 5448 DSpeB bacteria were grown in THB containing the enzymatically active form of r-SpeB, the proliferation-inducing activity of the recovered SUP was significantly lower than that of SUP from 5448 DSpeB without added r-SpeB (data not shown). Together, these experiments support the conclusion that the decrease in the proliferation-inducing activity of SUP from 5448 SpeB ϩ wt is indeed due to the proteolytic effects of SpeB on at least a fraction of GAS superantigens.
Analysis of the TCRBV repertoire. The finding that the SpeB induces the degradation of SpeF but not SpeA, together with the fact that residual proliferative activity is seen with SUP expressing high levels of SpeB or SUP with r-SpeB added, indicated that the various Spes may be differentially affected by SpeB proteolytic activity. The detection of many GAS Spe proteins is not possible by conventional methods because they are produced in very low concentrations [25] . To overcome this difficulty and to address the issue of differential effects of SpeB on other Spes, we exploited the fact that superantigens cause the expansion of T lymphocytes with specific TCRBV and analyzed the effect of SpeB expression on the TCRBV repertoire of T cells stimulated with GAS SUP from SpeB ϩ and SpeB Ϫ isolates grown with or without E-64 as well as the SUP from 5448 DSpeB. The TCRBV expansion was compared in unstimulated, PHA-stimulated, and GAS SUP-stimulated PBMC. In all, 24 TCRBV were analyzed. SUP from the 5448 SpeB ϩ wt induced only the expansion of TCRBV2 ( figure 5, inset table) . The expansion of TCRBV2 in response to the SUP from 5448 SpeB ϩ wt was 10 times higher than that seen with the polyclonal mitogen PHA (64% vs. 7% of the activated lymphocytes). In contrast, the SUP from the same isolate grown with E-64 induced the expansion of TCRBV4 (ϫ5), TCRBV7 (ϫ2), and TCRBV8 (ϫ8) as well. The same TCRBVs were also expanded in T cells stimulated with SUP from another SpeB ϩ isolate (5449) grown with E-64, as well as from an SpeB Ϫ isolate (8004) ( figure 5, inset table) . The percentage of increase in TCRBV2 T cell expansion in response to the SUP from 5448 SpeB ϩ wt grown without E-64 (∼66%) versus the same isolate grown with E-64 (∼34%) or 5448 DSpeB (∼34%) can be attributed to the lower total number of activated lymphocytes in response to SUP from 5448 SpeB ϩ wt, compared with the number of those activated in the other 2 groups, and to the apparent lack of proteolytic effect of SpeB on superantigens causing TCRBV2 expansion. Of importance, the TCRBV repertoire expansion profile of SUP from the 5448 DSpeB mutant was identical to that of the SpeB Ϫ isolate and of the SpeB ϩ isolate grown with E-64.
TheTCRBV repertoire of T cells stimulated with GAS SUP from SpeB ϩ wt and 5448 DSpeB and the SUP from 5448 DSpeB incubated with r-SpeB was also analyzed. Incubation of SUP from 5448 DSpeB with r-SpeB resulted in no significant expansion of TCRBV4, TCRBV7, and TCRBV8. However, the expansion of TCRBV2 was unaffected (data not shown). The data indicate that the superantigens that caused expansion of cells with TCRBV2 are resistant to SpeB proteolytic activity, whereas the superantigens responsible for the expansion of TCRBV4, TCRBV7, and TCRBV8 are degraded by this streptococcal protease.
DISCUSSION
SpeB is an important virulence factor of GAS. SpeB has been shown to modify mammalian host receptors, activate cytokine production, and stimulate metalloproteases [10, 12, 13] . These activities are thought to enhance bacterial virulence. Conversely, SpeB has also been shown to modify several streptococcal proteins that are important for bacterial survival in the host [5, 16] . Recent studies have suggested that GAS may need to differentially regulate SpeB expression, depending on the site of infection and, possibly, the temporal events occurring during the infection [18] . Our recent studies showed that an inverse relationship exists between SpeB expression and the severity of invasive GAS infections [8] . These observations raised the possibility that downregulation of SpeB may be necessary for the persistence of certain GAS virulence factors that mediate the severe responses seen in STSS. The Spes are thought to be the major mediators of STSS. These exotoxins have been shown to play an important role in disease pathogenesis because of their pyrogenicity, enhancement of endotoxic shock, and superantigenic effects on the immune response [2, 26] . Recently, a direct correlation between the magnitude of the superantigen-induced potent inflammatory cytokine response and the severity of the systemic manifestations of disease was demonstrated [27] .
We hypothesize that SpeB, a cysteine protease secreted by many GAS isolates, may degrade superantigens produced by these isolates. GAS isolates are known to produce a long list of superantigens, some of which are very effective at infinitely low concentrations [25, 28] . We specifically demonstrate direct degradation of mitogenic factor SpeF but not of SpeA. In addition to providing the evidence that SpeB proteolytically degrades this important factor, we also show that expression of SpeB is concomitant with a significant decrease in the lymphocyte-activating capacity of the bacterial SUP and that these changes can be inhibited by the addition of the cysteine protease inhibitor E-64. Although GAS isolates secrete another cysteine proteinase (IdeS), this proteinase degrades only human IgG and is not inhibited by E-64 [29] .
An isogenic SpeB Ϫ mutant demonstrated the same increase in proliferation-inducing activity as that observed with the E-64 inhibition of wt SpeB proteolysis. The addition of r-SpeB to the isogenic SpeB Ϫ mutant restores the wt phenotype, with a significantly reduced lymphocyte-activating capacity of the GAS SUP. Together, these results definitively identify SpeB as the factor responsible for the observed effects on superantigen activity.
The degradation of other superantigens by SpeB is likely, because the magnitude of decreased proliferation-inducing ac- tivity cannot be attributed to SpeF degradation alone. Therefore, the effect of SpeB on low-concentration but potent superantigens such as SpeG and SMEZ was addressed by studying specific changes in the TCRBV repertoire that may reflect the footprint of these superantigens. An expansion of TCRBV2bearing T cells is expected in response to 4 of 5 superantigens present in our strain-SpeA, SpeF, SpeG, and SMEZ. SpeF, SpeG, and SMEZ have been shown to stimulate TCRBV4, whereas SpeB, SpeF, SpeG, and SMEZ stimulate TCRBV8 [25] . SMEZ is considered to be the most potent streptococcal superantigen, and it is likely responsible for the majority of TCRBV7 and TCRBV8 stimulating activity [25, 30] . In the present study, we have successfully shown that the superantigens responsible for the expansion of TCRBV4, TCRBV7, and TCRBV8 are more susceptible to proteolytic degradation by SpeB than the superantigens responsible for the expansion of TCRBV2. This was confirmed when the SUP obtained from SpeB ϩ isolates (5448 wt and 5449 wt) grown with E-64 showed greater proliferation-inducing activity and caused a significant expansion of TCRBV2, TCRBV4, TCRBV 7, and TCRBV8. The isogenic knockout mutant 5448 DSpeB, as well as a spontaneous 5448 SpeB Ϫ variant, reproduced the higher proliferation-inducing activity and TCRBV expansion profile found with SpeB inhibition by E-64. Of interest, no significant change in the TCRBV2 expansion was identified. In fact, the percentage of TCRBV2 cells in activated T cells from cultures stimulated with SpeB ϩ SUP was higher than that in cultures stimulated with SpeB Ϫ SUP, because the TCRBV2 cells represented majority of activated T cells, inasmuch as no other TCRBV subsets were stimulated in the presence of active SpeB. Incubation of SUP from 5448 DSpeB with the enzymatically active r-SpeB resulted in a significant decrease in the proliferation-inducing activity and the TCRBV expansion profile, with TCRBV2 cells being the only apparent stimulated cells in this population.
In summary, the results presented here provide evidence that the expression of SpeB by GAS can result in proteolytic degradation of its own superantigens. This critical observation may, in large part, explain the observed inverse correlation of SpeB expression with disease severity among genetically related M1T1 GAS isolates associated with invasive infection [8] . Down-regulation of SpeB in vivo, as reported in other studies [8, 17] , may itself represent an important virulence phenotype in the pathogenesis of STSS. Future investigations will shed light on how the proteolytic effects of SpeB are regulated by GAS, depending on the site and extent of infection, as well as the impact of these changes on the host inflammatory response and disease outcome.
